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I, Herbert Peter Augdst Groll, a, in this spedfication and in ihe ensuing claims 50 

Svredish subjccti of Kyrkogatan la, Mokuial the term " walk of the reacttw includes not 

Sweden, do hereby dcdare the invention, for only the outside walk of the apparatus but also 

which I pray that a patent majr be granted to all kinds of coding walls whidi may be 

5 mc, and the method by wfaidi it is to be per- arranged inside the reactor, tg. cooling tubes 

foncDcd, to be particularly desaibed in and by inserted into the leactoc proper or the walls 53 

the follomng statuoent: — of the catalyst tabes whidi are surrounded by 

This inventiOTi is concerned with a method the cooling medium. H the heat of reaction 

and apparatus for temperature coDtrcd cf per unit ^ (HpoatiDg time is named W and 

10 catalytic diemical reacdoiffi wi± idatiyely the heat trantteired per unit ooeiadng time is 

high heats of reaction, more specifically with named q we have a first oondmoa fat an iso- 60 

providiag eSectivie means for transfecrmg the thermic reaction coarse die equatioa. 

heat of reaction between the reacting mature 1) W=— 9 

and a suitable headng or cooling medium. My This ccmditicH], however, while guaianteeiQg 

15 invendon allows the temperature of &e zone a suiBdent amount of coding does not 

ct reaction over its whole length to be held state anything about the rate at which the 65 

constant to a degree that hereuifore Vfs con- heat is transferred at an^ grren spo{ of the 

adsed impossible. whole lengdi (L) of the leactoi:. If we assume 

Most catalysts demand a limited tempen- that the reactn has the shape of tubes or 

20 ture interval fbr successful operaticD. If the channels thiotigh vdiicfa the reagents are 

temperature is too low the reaction rate passed and die heating or coolii^ medium is 70 

becomes insuflSdeat, if it is too high the outside the tubewalls the contact time i 

catalyst is damaged or destroyed, or undesii> becomes a simple funcdon of L and wc find 

aUe side-reactions occur. It is however not the odier conditiau f<K an isotfaermic reactitm 

25 always necessary or desirable to operate under course 

such conditioas that the teinpeKture in die dW dq , 

reaction zone is constant over die whde length 2) = 75 

of this zone. A certam limited temperature dL dL ' 

gradient may in some cases be desirable. For (I wish to emphasize that a tubular form of 

30 example, in certain cases it may be advisable the reactor is not at all necessary for carrying 

to apply a rdatively low reaction temperature my invention to practice. Other reactor 

for the initial stages in the reactor in order to shapes may be used equally successfully), 

pf event overheating and consequent dcteriora- While condition (Z)' only assumes that the 80 

tion of the catalyst and to raise the tempera- temperature at the aid of the reaction zone is 

35 ture at the end of the reaction zone so that the the same as diat at its beginning i£ does not 

last traces are converted at a suffidcntly high tate into consideration great local deviations 

reaction rate although the concentration of from the desired temperature durmg the 

the substances to be reacted becomes quite passage of the reagents through the tube. 85 

low. On die other hand, in other cases it may Condition (2) if adhered to prevents any sudi 

40 be desirable to carry out the bulk of die reac- deviations and should, if it can be fulfilled, 

tion at a comparadvdy high tcmpcratuie and provide uleal reaction cod^oos. 

to lower the temperature towards the end of ■ : It is vrell known that endothemiic reactions 

the reaction passage so that a mare coagiIet£ are mudi easier to control j^aa exodiennic 90 

conversion can take place. ones. The former show die great advantage 

45 la order to maintain essentially isodiemilc that they tend to stabilize any upset tempera- 
reaction coodidons it is always necessary diat tore oooditians antranatically. This is due to 
the fffaole heat of reaction be transferred out the fact that die rate cf reaction, rising and 
of the reaction space, Le. throi^^ the waiUs of falling with die temperature, automatically 9i 
the rcactirai vessd." It is to be understood that and effectively adjusts the rate of heat coo- 
[Plrw* 3s. m 
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snnrotion to the late Icat supjly. In of reactions. Typical ^amples in lie mder 

SZr£ £ Genual steady state iquiH- of increasing difficulty of control are: hydro- 65 

Si is sWe. In conirast to this an geiiations, the oxt>-process, meaanol and jso- 

exothermic reactim amst be hdd at m butanpl smthesis, partial hydro^ra^ 

S unstable thermal eq.«iUhiii3m by rigid outside selective o^dations. the V^-Ti^s^V^^ 

conlxoL With inadequate coding the tem- cess, oxidation of f ^phthalene to ph^c 

Mature, the reactii^ rate, and the rate of anhydride and of ethylene to e4^ caide. 70 

Eeat filiation rise so that the temperature is The last 3 are generaUy considered so d^cdt 

driven up in a visdous cirdc which causes the tc control that^only spec^ meascrra such^ 

10 reaction to « go wild The opposite happens thermostatic- aatated salt bafhs, h^md eva^ 

sAen the rati of cooJing is too rapid so that ator systems, internal cooling, or operaUon 

^eTea^ticT" tfeT^ • ™der great dilution with reqyde^as are 7> 

From the viewpoint of djfficdiy of raBttd, deemed adequate. 
Modiermic reacnons mw be dassified m My mvennm can be carr«d jnto prartice 
15 dSsesT- great advtotage for all reactions of dass 

" several ci^es. 2 and 3, while it can be considered unneces- 

Class I sary for dass 1. My invention is based upon 80 

Those reactions whidi hardly need any ihe pcrcepri(m that it is po«iiUe to 

temSJe contiol because Aey occur with rate of cooling in smtabfy daigned^^^paratus 

• PSSar^ch high- tempe^tuies, within so. fliat it follows p^f«dy ^e e^flons^^ 

20 h& Hride temperattire interval, and on a out by equations (1) ^ (2) widiout ^vmg 

w fflaWr«italv&t no external- cooling is to resort to extraordinary and e^^xi 83 

SSy at^Sonzone. The comfaiis- thmnostatic e^poratmg baAs or lh^^^ 

Sr^^dok to nitric oxide is a typical a inatta: of fart thermosmtiq e^«al^ 

^Se^todass. Hie npper allowable halhs ate hot as effective as fliey generaly are 

25 SStSStfS this case controDedlw comSdcred^ Reaping the J»tht^^^ 

ft^oQtrion bctsfeea amniDnia and air, and constant throughout the bulk of the liqmd 90 

t^S^tvASA the air isV does- not prevent ^^^^J^f^,^^, 

^ ™. ^ tioE passage proper from nsmg omsiderably 

■ - - Glass 11 • above the temperature of the coohng hmid, 
on Those -reacdoiis whidi owing 10 their nature especially at siidi pointe where the reaction 
^imd to the nature of the catsdyst available octaits at its highest rate. _ 

■^t be^aSd- out within a tempetaliire TJifi rate pfjeaction depends iipon the con- 

Kal at^di the diemical eqiSibriuin cenliatioo of d^c reagoite m the reaction zone, 

M a complete reaction to occur so die rate constant h whidi generally is a funo- 

15 &S f bS oi the reagents leave the tion, of the teniperature, the ordecof the reac- 

^x^SS andinustrrwdrcalated. i^m, i^d die cWyst actiri^. 

Sif thTrSaion temperatore rises owing die reaction bonoemed . depends^ upon jte 

■ idcSn]3lete^rem(^ the equilibrimn nwdianisin wllidi m many cases is not Mv 



Sc"^^SSoui^e.lhnspr^ ^^^^ ^'^L^'to^ 

40 vcn^ further leacrion imless a lower ten*- upon a aohd catalyst The rate cai^ howercr, 
^ ^'^J^Z.'^y^aem'l^ cooling. This bTdetemnned iby measurements and the.order 1 



fs^r^eS rfSr^ 'diusbeas^rtained. .Ezperi- 

whidi fadlitates operation tremendously widi ence shows that moM ^tsdytic leacnoK a^ 

STeitton lype^ does not allor the reac- oi Grst or stami oxd^. Ab &^m^^ 

ASt^ M^wfld. Anamonia synthesis is a may be comph^ted and the rate may be detEi- 

Scd e^S dass hi v*idi the mined by morf than one demenary process UO 

^xdation menti£«i6d above is applied, occurring smktaneoudy, so call^ mxed 

exawle is the waiter gas teadion for orders sudi is between zero and 1st or 

S^M^vSof carbon mon^e to carbon between 1st aid 2nd order may result On 

SO ^ridc and hydrogen. In this case lie gas the basis of these determined and/or . ^cd- 

l^D^ die cmvertor should contain as litde ated values the rate of conversion ^ any US 

as D^siHc unconverted carbon manoidde, desired moment of the contect time can be (al- 

- T^iSra- plnrdity of catalyst layers are dilated and a san^ctory function denved fm 

4dL^ gas teing cooled beorecal!g!Brs.The the rate of h^ T "^"^fi 

55 5idds per^l^T^ the capadJy of a givm the reactor. In other words tiie values for 

^ can be pressed as a function of Lb, 120 



■ C Asst m an equation or by a airvfe ^ 
Reactioos wWdi occnr on partiodariy tern- Ihis function is, for - any reaction ot the 

tfO perature-sensitive catalysts and/w whidi are type ^ 

'—•'mti to diange over to undesirable sido- . m ^ 

aions. This dass is very frMUEiit_ m 3) -i— =— FC^m . . . ] 
snic cfaemistty and indndcs a wide variety <^ » 
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Q=molar teat of reactJcm of its length. Cbmpletely isodiennic coodi- 
ti=linear velociQr oif Saw of the mctants dq 
, Cb, etc.=coiicentratiaa of reagents at tions are obtained if the values of and 



any spot of the reactor. These arc f 
5 of L dW 

a, b, etc.=imtial concentrations of reagents assume equal absolute magnitndej how- 

F( . . . )j K"-)> • ■ • ) express functions dL 

in the wdl known manner. ever with opposite sign, lii Ais case whii^ is 45 

The function F(c., . . . ) is generally of a shown in Figure la the two curves are exactly 

10 type in which the term symmetrical to each other willi tiie abscissa 

ff-'W as aris of symmetry, 
is of decisive importanccj while die linear I have now Icand tJiat the cooling method 

vdocity V itself may be » fonction of L if the vdiich lends itself best to a perfect adaption 50 

teacttoa is accranpanied by aa expansioii or to the rate required by the reaction rate funo- 

15 coQtiBcdDa: — tioo canststs cooling with a cooliDg mediam 

p=^(L) y/AMi flofws concorrently vrith and parallel to 

In the first approximation v can be r^arded the flow rf the. reacting mixture. The rate 

as constant and m many cases where the prac- equations for the heat taken up by a flowii£ 55 

ticai concentrations are sufSdentiy far apart cooling medium from an isodunnic heat ' 

2Q from die equilibrium concentrations at the source per unit of operating time are:— 
reaction temperature applied, the necessary 6) 3=0<fli— O 

equations can easily be derived frMn lbs well jcDsrX 

known rate equations. For instance ihc eqnar dq 

tion for a first order reaction is 7) s=K(fl'— flje n.C 

L dL 

^ Q —hi— The symbok in these equations mean: — ISO 

25 4) "'^1 " ^ ^ K=heat transfer constant in a gives. Qipai- 

dL "0 atus design 
fei=velocily constant i<a the first order 9=heat taken up per unit of operating time 
reaction under the reaction conditions chosen. L=tubc length 

For an ideal second order reaction the D=tube diameter 65 
equation becomes somev^t mote involved: — C=medium mcdar heat capacity of cooling 



/ . v-<«-«"\ 

•V-r • / 



L 

a }ti—{a—h) ^=readi<ai temperature 

Qj^^_(g_Q)«0 o ^=ten]9)erature ^ tlie cooUng medium 

^ {) 0j=nemperature the cooling medium 70 

30 5) = entering the apparatus 

" • e,=temperature of the cooling medium 

leaving the apparatus 

n=number of mdes of cooling mediuni per 
iiTiif (rf operating t""c, 75 
Li practicx^ empirical equations often must Hie heat of rad&ti<»i has not been considered 
be resorted to because the conditims become m the above equation. In cases in which 
too involved for theoretical deduction. The radiation becomes so higih diat it cannot be 
type of the equation is, however, always that negjected the function becomes mere compKo- 
5 ofequatioB (3) with fl-'iM as decisive term. ated wdiout changing its general character. 80 
The typical shape of a curve rraresenting dq 

tHs type of equation is seen in Figure la. The values f or and should accofd- 

<W dL 

vriiidi shows the value of as a function ing to equations (1} and be equal to the 

dL dW 

of L. In the same figure anoticr function negative values of W and if perfect tem- 

dL 

: is drawn vi^iidi represents die amount perature control is to be achieved. 

The complete ^uations read as follows: — B5 
of heat removed from the reactor at any ptant g) — Q<5, — <).)=W 

I. 
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Iq" equation 9 ba&. ades aie of the c-fimctitm. 
type. It is obvious tiat the value erf the right 
side of the equaticai is d^ecmined by die 
nature of the reactian and of the catalyst (Q 
5 and the concenti&iion of the reagents (0 
and h), the gas vdodty (d), and dimensions 
of tiie apparatus (L). The vahie rf die Jeft 
side, on the other hand^ is detetmined by 
design factors of the apparatus (D, L and k) 

10 and tibe nature of the cooling medium (C and 
k). The designer of the apparatus should 
obviously choose these parameters within suit- 
able limits in considerations to die nature and 
vdodty of the reaction (represented chiefly 

15 by the right side of 4e equadon). This is neces- 
sary .in order to mate it possible, (hat both sides 
of die equation can become equal to Midi other. 
Under ws prerequisite of d^ign which m^es 
the application of my inventiaa possiUe withr 

ZO out, however, being part of ihe inventira], ihe 
balance of the equations S and 9 under qpieiat- 
ing coniStiofis can at aiQr tmut' under the opeiar 
tion be dhaseed by controlling only die pai»- 
- meters n md ^i. These coatrol paiameters, 

25 hqweveii rqwesent the^ flow vdoaty of the 
coding -medium and its- teiEjieiatoie at the 
'eotmioe to the appssatas. 

Tn ordieF ta adiieve this control I arrange the 
coiKmrent paralldL flow of the cooling medium 

30 ia'gDch a manner that the rate of Sow of the 
coding medium n and the temperature 
of the' (xioling medinm ^tering the 
coding passage of the reactor ran be 

• cootrc^Qled indqiendenliy of eadi odffir, mstaoH 

33 taneouslyj. and dfectivdy ov^ the ranges d 
temperature and flow rate required. Thus my 
invention in its broadest aspect can be 
defined as a method for carxymg otit ezo- 
ihrnnic, prrferably hetsogcneous, catalytic re- 

40 acticms, flowing hcnnogeneoas gaseous or 
liquid leactants, the heat generated by the 
reaction being removed 'by iiK&ect cooling 
with a coding medium flowing concurrentiy 
with the reaction miiture, characterized by 

45 the fact that the reaction temperature along the 
flow path of the reaction mixture is m^- 
tained at predetennined values by controlling 
(i) the temperature of admission of the cod- 
ing medium and (ii) tiie throughput of cooling 

50 medium per unit time, both these &ctors being 
c(»)ttdled independentiy each other and 
independently of the amoimt of reaction mix- 
ture passing tiirough the reaciicHi zone per unit 
time. By contrdliug ^e cooling in this way 

55 die perfect balance between the heat erf reaction 
and the heat removal shown by tht 2 sym- 
metric^ curves in 'Pigpre la aforesaid can be 
maintained at any time dcmg the opeiaticHL of 
the appaiatos. la F^uie lb time is shown 

60 the tempeiatoie increase of the coding 
medium whidi occurs in renumng the heat at 

^ ■ . . 

the rate of the — function shown in Figure la. 

It is serai that the tenqKratnre 0 cf ti^ coding 



medium asymptatically approached the opti- 
mum reaction temperature of the reaction in 65 
question. The reaction temperature 6' becomes 
isothermic as also shown in Figure lb. 

One preferred way of achieving the tcmpexa- 
ttirc control described is to reciroilate the cool- 
ing meditmi, e.g. by means of a pump, a 70 
blower, or an injector, to pass the cqolmg 
medium through an effective coding device 
witii sufBdent capadty for cooling flic recyded 
cooling medium at die highest flow rate to the 
lowest teibperanire required, and to provide a 75 
bypass d die hot me<Eam, said byirass being 
regdatable mstantaneously by a valve or a flap. 
If air or cooling water is usai directiy as cool- 
ing medium no. coding of the recyde stream 
is necessary and it is only necessary to provide 80 
a recyde Ime for hot cooling medium in order 
to r^iukte the tanperature of the cooling 
medium entering the system with the speed 
and ^ectiveoess necessary. 

A further ptiferred metiiod of carrying my 85 
invention into practice is to provide automatic 
comrd to botii jhe temperature and flow regu- 
lations of the cooling medium. The control 
points c£ this a4toiDatic control are : — 

A) The region c£ the temperature maximum 90 
in the reagents ^sage through the reactor in 
the immediate neighbourhood of ±e entrance 
of the cooling medium to the cooling passage 
through the readrar. I provide tiiis point with 
a suitable temjperature amtrol device con- 95 
nectcd to an instrument of conventional design 
whidi automatically regulates the temperature 
of the codii^ inedium enteriiig the cooling 

^"^^^The exit [joint of die reacted gas mixture 100 
&om the catalyst zone is ccnttoQed a similar 
dence oonnectBd to an automatic control 
instrument wdw^ regulates ifaeriate of flow of 
the cooJmg medium the cooUng passage of 
tiie reactor, 105 

I prrfer to adjust the regulating instrument 
contrdled by point (A) during the initial stages 
of the lifetime of a catalyst to maximum tem- 
perature whidi the catalyst tolerates without 
deterioration by overheating. The regulating 110 
instnment (B) is set to a tanperature some- 
what above the lower temperature limit neces- 
sary for a sati^actory rate of reaction. In 
spedal cases, p^culady the end of the life- 
time of a catalyst diarge, I may prefer to set 113 
this instrument near the Qpper allowed 

limit. 

hi the latter ^tages of the operating period I 
may increase or decrease the controlled tem- 
peratures of these points and/or I may mofve 12O 
the contrd point A furtiier into the reactor. 
Whidi of thes^ measures are best suited in 
order to achieve the best results depends so 
much upon the nature of reaction, the type of 
catalyst used, and the cause of its gradual 125 
deterioration e.^. whether tiiis is due to poison- 
ing and/or sintering or other changes of its 
active sotface^ that it is impossible to recomr 
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maid the best miiasures beforehand. It is best same purpose I may fill the coding tobes or the 
to_ detennine the optimal operatiiig modus cooling space aronnd the catalyst tubes with 
within the known limits empirically. a packing. I may prefer to use a packing 
1 may also move the point of entry of the material mth a high heat conductivity e.g. balls 
5 cooling medium further into the react« during or diips of metal such as aluminium. The 70 
tie course of the operating period so as to latter method is particularly usrful for aduCT- 
avoid undesirable excessive cooling of such ing a higji coemcieQt of beat transfer to Ac 
pans (£ the catalyst as may become less active. ccwJing gas in such cases whoe diis appears 
I may achieve this protection against undue desirable. 
10 cooling by protruding a protecting device, e.g. One preferred feature of my invention is to 75 
an isolating shiddj gradtilly or periodically in ensure me parallel flow of the cooling medinm 
between the flow of the cooling medium and with respect to that of the reaction mixture by 
such parts of the catalyst that need protectioa. providing jdates or Sns parallel to the direction 
I a«y even provide int e rn al heating inside of the flow La order to prevent interference of 
15 the catalyst in the portion immediately follow- heat convection whh the direction of the flow. 80 
ing the entrance of the teagents in order to When applymg fised bed catalysts at high 
safeguard the reaction against " dying " acci- throughput rates it is customary to let the 
dentally by too violent cooling. A preferred reaction mixture jass dirou^ die catalyst bed 
method for carrying my inventioQ into prac- in a downward direction in order to prevent 
20 tice is to provide an entry or initiatiag zone undesirable " d^ndng " ctf the catalyst wtiich 85 
Med with catE^t wiacb is not or not effec- may he mechanically destroyed thereby. If i^e 
tivdy coded. This method is especially useful cooling medium is pa^ed throngh the inter- 
in such casesj where it appears undesirable or space between the cai^yst tubes in a down- 
impossible to preheat the reagent mi^ure fully ward direction as is necessary for carrying my 
25 up to the i^effflred reaction tempearaturci invention into practice in this particular case, 90 
hecause of an inherent danger of dccomposi- heat convection might interfere witii tiie direc- 
tion, tion of the flow and undesirable eddies may 
Li the entry zone the reagents react over the develop. In this case tiie apptkation of direc- 
catalyst more slowly than at the usual reaction tional fins or the hke becomes a very nsefol 



30 ismpecature. The heat of reaction heats up feature of my invention. I may also nse for 95 

the reaction mixture to the preferred tempera- the same purpose a method of paddng the 

ture. Coding should begin immediatdy at the interspace with a solid paddag material essen- 

spot where the proper reaction temperature is tially as described. This padang increases tiie 

reached. I may provide means for regulating flow more evenly over the whde cross section 

35 the length ot the entry zone by protruding erf the coding passa^ Iqq 
shields or the like as was desoibed above. I ma^ further provide amvenient means for 

Another particularly useful method for put- preventmg gas ot vapour lock in the coolkig 

ting my invention into practice is to use the passage wicn applpog a downward flow of a 

reaction mixture or altcmativdy one or a liquid cooling medium. For instance I mary 

40 plurality of constituents thereof as cooling build thecooung passage of the reactor accord- j^03) 

— ^ ^ =-tiple 0 -" -'^ • 



. ing to tile piindple o 

Eg. in carrying out ammonia synthesis I If the flow resistance in tite coollqg p 

may pass the mixture of nitrogen and hydrogen demands a high differentid pressure I may pro- 

ar only nitrqgen under tlie synthesis pressure vide gas vent valves at the top of the coding 

45 throng the cooling passage of the reactor in pass^ These valves may be antematbdly |iq 

such a way, liat the rate of flow and tiie tern- operated by floats or tiie like, 
perature di the coding gas are rc^^ulated I may farther provide means for utilizing the 

mdependendy from one another 'and indepen- heat cS reaction. K this cannot be taken up 

dentl^ from tiie rate of throughput (rf tiie completdy m heating vp the entering reagent 

50 reacBon mixture through the catalyst proper. mixture to the reaction tenqwrature desired, 1^5 

In the syntiiesis of phthalic anhydride by I may provide vraste heat boflers, economizers, 

oiddation d naphthalene with air I may prefer etc. 

to use air dircctiy for cooling the reaction tubes Application for my invention is not confined 

in which the catalyst is placed or I may place to op«ation witii fixed bed ca^ysts. I may 

55 the catalyst in the interspace between use it with particular advantage m combination 120 

the tubes and pass the air through the with the so called "fixed fluidized bed" ir^e^ 

cooling tubes spaced evenly throughout the Le. with littic carry over of catalyst in the 

catalyst bed. In order to provide a better dis- leaving the reactor. In this case tile parallel 

tribution of tiie coding gas and a better heat . upward flow of the reacting mixture in the 

<S0 transfer I may provide the cooling tubes with reactor and of the cooling medium in the cool- 125 

centre rods hdd in position by spiders or by ing passages is particdariy easy to accomplish 

spiral fins. These rods increase the gas vdod^ because the longitudinal tenqieiaturc gradient 

and the Sow resistance, thereby facilitating of the cooling medium does not tend to upset 

even distribution of gas between all die tubes tiie even' flow of the coding medium by 

fi5 end enhancing the hmt transfer rate. For tiie undesiiahle convection. 130 



The applk^Mii of ray invention. results in -charge line 9. The circolation of the coolmg 

. jconsidcralile tedmical and economic advan- agent through iJie jacket 10 is effected by Ae 

(ages of nAich tifi foHowing are theimost out- pump 11. The discharge line 12 from Qas 

stoiding ones:— - pimp leads to lie vdve 13 which regulates the 

S I prdcr TO m^e tie difference betweea the amount of cdoliog agent entering the cooling 70 

reacdon teaiperame and the temperature of jacket 10 at the point 15 through die line 14. 

die incoming cooling medium (6' ^6^) as great The cooling ggent leaves the cooling jacket 10 

■. as possible, diat is to say so great that.a suffi- at the poiiit 16 and passes lirou^ line- 17 

cieut amount oflieat is remoTCd&om the zone to. the icat exchanger. 18 m which the heat 

10- of ike- iaost videiit reactira- without, however, taken up bji tJie cooJinglsigent can be nti^ed 75 

" cocking- the catalyst too vigot-ousiy. Thus I in . any convenient manner, eg. the heat 

■ may in certaia cases' use tempcrauire differ- exchanger 18 imay be a waste heat boilK for 
. ejKes greater aian 100° C. nris method allows generating steam. Hie spent cooling agent is 

. to apply a rate of flow<K) of die coding discharged from the heal exchanger 18 ihrough 

15 medium whicih is as low as pMsdbl^ ie. just line 19. It is also possaUe to recirculate the gO 

enon^ tb €&rt suffident coofing at the end of coolhig agent to the system through die line 20 

• tte' tteaction zra». This saving of cooling yMdi leads to the sucticMi line 21 of the ■ 

■ mediraaaiid/pr of pumping eno^ is a. special pump 11- _ 

advant^ of my invention. ■ - K bypass- is provided betweai lane 17 men- 

20 ■ Atinrfier advantage of my irarentko is diat I dnncd above tad the snction line Zl of pump 85 

■ mw W very long reactors contrary to conraon 11. This bmias consists of lines 22 and 24 
practice. For example in lie moductkn of and die rcgai&ting valve_23 vriuch r^iuktes ifie 
phthalic anhydride reactors win many diao- temperature df the cooling agent In ihe case. 

. . sands of narrow mbes filled wifli catalysts described in Figure 2 the regulating valve 23 

• 25 aire "used which are at the most about 6 feet is a ample throtde' which dosea whm die tenir 90 

■ long. I pixfcr to use tube lengdis of more peratare becomes too h^ The valve 23 
. .daan 20 feet, and I may even use tubes allows, therefore, a variation of the amount of 

which are as kog ais 50 feetlor' longer. In diese warm codling agent admixed to the cwl c«)ol- 

tubes the . reaction gas velocity becomes ing agent which is admitted to the suction side 

iO- earerddy'hi^ so that the heat transport from of die pomp eidieT through line 21 which sup- 95 

■ the catalyst to -the tube walls becomes plies-fcesh cooling agent or through the line 20 

■ exttcmeiy favourable so that Ho local hot spots diroii^ whicfc tfic cooling agent coaled down 
^ . am occur. - Therefore, I may choose tubes widi m heat exchaB|er 18 may be recirculated. 

• viry mu(i%eatar diarueter than those which . The automatic control (tf the legokting valve 

■ is are cofinraonly used. Thfe fact, coi?fled mfh 23 is achieved by a thermo-regul^g device m 

■greater length of die Tcactta:, obviously gives 25 which is arranged immediately after the said 

• ■ me.4e great adv&tajge of hawng to apply only entry: zone 6 apd can be adjusted by the sliding 

a iuudflowef number of -tubes in a reactor of jacket 26 which insulates a portion of .th^ 

■ given capacity, so that - the work and. die reaction passage from die cooling jackeL The 
"4b'mateiial necessary foe. cc«jstructing the reactor sliding jacket may consist of heat insulating iq; 
. - ate TOy coni^daably reduced. material and/or may be provided with a heat- 

• "ITie mvdition vnll be described in further ing coil in order to compensate for heat losses. 

• - d^ with .reference" tb die. speidfic embodi- The thermo-re|ulating device 25 also slides in 

mens shown in the drawings.- The cmbo^- «rder to be a^ustable to the correct positicn 

45 nients- are given bj way cf iUustradon imd not relative to the end of the eatry zone 6. The lit 

limitaiiMi. . - -. " ' r^dating impulse firom the thermo-regulator 

" Figutes 2 and 3- show- two typjcal'examples 25 is '.transfer red over lie line 28 to a rday 

of apparatjis for. carrying out eiodiennic leac- 29 which bpeifates the valve 23 via the connec- 

tions according tb the method of my invention, tion 30. . By this arrangement the pnwottum 

50 . in the apparatuashown in Figure Jl.the itcactiMi of-^aim aiifl cooled cooling agent in the mix- U! 

passage 1 is aEteriended tubesudxinridfid by tore entering J ihe cooling agent-pontp 11- is 

a cooling jacket. The reaction mixture enters 'T^>da.ted" -a&ording- to the • temperature 

the "heat escharieef 3 :throudi'-lte JjBe-2 in "measured at the locaiiffln of die tietmq- 



fhermo-regulaling device Z7 is 12( 



_2"heat exchanger 3 :thEou^-.d»e..JiHe-2 in' inrasured 
which it is -warmecl up by heat exditoge with regulator 25, " 
.55 the . reacted' ■; mixture" leaving die reactioii - A- similar U „ „ . . 

p^^ge;. .From the heat esxhanger 3 the ananged^t the exit end of the reaction passage, 
reabdoh- mixture passes tfarou^ Sne .4~to the The regulating impulse are transferred over the 
entrance S of the ,reai:tioa mixture into the ' line 31- to tHi relay 32'which via the connect 
reaction passage.^ - The first section 6 of the ■ tion 33 operates the valve.l3. This valve regu- 
60 reaction passage ! is ihe entry or initiating zone lates the flow rate of the cooling agent to the XXt 
"- for the ieaedon, which' is adjustable as will be reactor automatically according to the tempeii- 
, described later.--- - fore measured at tite exit end of the reactor. 

."- ■ -The' reacted mixture leaves the' reaction The regulating valve 13 opens when tfte tern- 
passage "at the point 7- and passes throu^- the perature at the location of die thermo-regulator 
& line. 8 to rihc heat exdiang^ 3 . aad the dis- -27 becomes t^o high and it closes if the tern- 13( 
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perature becomes too low, thus increasing or shown in Figure 2 : The sliding thermo-regii- 

decreasmg the flow rate of the cooling agent. lating device 25a arranged near tfae entrance 

The tfaerma-regulating devices may be of any of the reagents to the reaction chaiobex is 

known or conventioml construction and situated after the entry zone 6a. In Fjgure 3 

5 merely comprises tiennostatic control devices, this entry 2one practically does not e3dst at all 70 

When it is stated herein and in the daims that because the header 38 is shown drawn up into 

the ttermo-rcgidating devices are arranged at its highest position. This header bears the 

certain positions in the reaction lassages, as for insulated tubes 39, the litenno-regulatiEg 

example^ at the entrance and exit ends of ±e device 25a, the cooling agent entrances I5a, 

10 passages, it is of course, understood that there and the rods 37. H and when a longer indue- 25 

is meant thereby liiat the tcmperaturc-sensitivc don zone becomes desirable the header is 

pwdon of the ihermo-r^uiatmg device is lowered so that the elements 39, 15a and 37 

arranged at the position indicated. protrude further into the cooling passages 10a. 

The apparatus for carrying out exothermic ba this mannff that part of the reaction 

1,5 reactions which is shown in Figure 3 is of passages, which is protected from being cooled 80 

another type in which a plurality of cooling down by the cooling agent, can be craisider- 

passagcs 10a arc inserted into a comparatively ably extended during the operation period 

large reaction passage la. The conditions for which is given by the life time of the catalyst 

heat transfer from every point of the reaction This extension illows protection firom undue 

20 passage to die nearest cooling tube are tiiere- cooling at Aat rone of tiie catalyst layer which 85 

fore essentially the same as if the reaction m most cases gradually becomes inactive by 

passage were divided into the same number of poisoning or the life. The thermo-reguJarii^ 

single passages as corresponds to the number device 25a acts over the line 28a upon tibe relay 

interspaces between the cooling passages. The 29a which in turn opiates die regidating valve 

25 flow of the reaction mixture proper is in this 23a over the connection 30a. In this mannff 90 

example only indicated symbolically by the the temperature of the cooling agent is legtt- 

entrance 5a and the exit 7a. (The plant may, lated by the thermo-rcgulating device 25 and 

however, comprise heat exchangers for pre- serves to amtrol the teoq)eratarc in the zone 

heating the reaction mixture and for utilizing of the highest convernon where the thermo- 

30 the heat of the reacted mijcturc. In simple regulating device 25a is located. The dlcrmo- 95 

cases one heat eacchan|er may suffice for warm- regulating detice 27a located near the exit of 

mg .up the reaction mixture by cotmter current the reacted mixture from die reaction passage 

with the reacted mixture in the same manner acts over the line 31a upcai the relay 32a whid: 

as shown in Figure 2 in whidi the heat in turn operates the r^ulating valve 13a by 

3S exchanger 3 is provided for this purpose). means of the oonaection 33a. In this maimer 100 

In this examifle the coolhig agent is com- ^e flow rate of the cooling agent is regnUted 

pletely drcnkted by the pump 11a placed near by the theimo-r^ulating device 27a and this 

the exit 16a from the lower cooling agent flow rate serves to control the catalyst tentpeni- 

headet. The proip 11a pumps the cooling ture at the exit end cf the reaction passage. 

40 agmt through the line 17a to the heat The application of my inventicMi docs nj^t 105 

exchanger l8a where it is cooled by a secoa- preclude the applicatioa of other known 

daiy cooling medium e.g. air (x cooling water, methods and/or derices for fadlitatiag tlie ccnt- 

This secondary cooling medium is supplied trol of the leacdm temperatnie. Thus I vazif 

through line 34 and its flow rate is r^ulated recyde part of the reacted gases to die reactnlr 

45 by the regulating valve 23a. It flows urongli thereby dilutiDg the let^^nts, or' I may usje HQ 

line 35 to the shdl of the beat exchangex I8a inert gases (x vapours for dilutuig the reagenl^ 

and is discharged through line 36. The valve or I may use oAer means foe leduciqg ibk 

23a which varies the flow rate of the secondary mtensity of heat devdopmeot in the nactioin 

cooling medium thus regulates the tcmpaa- zone together with andTitidqxaidendy of 

1 ture of the circulating coolmg agent The application of my invention described ab(n& .} 



50 ture of the circulating coolmg agent The application of my invention described aboT& .}15 

latter, cooled down to me temperature desired, What I daim Is : — 

leaves the heat eschangal 8a throi^hlme 12a. 1, A method f<a: carrying out" cxothermiq, 

The flow rate of the drcnlating cooling agent preferably heterogeneous, catalytic reactitms of 

is r^ulated by die regulating valve 13a which flowing homogeneous gaseous or liquid reac^ 

55 allows the cooling medium to flow through line tants, the heat generated by the reaction beint ijo 

14a at the rate desired to the sliding header 38 removed by indirect coolmg with a cooling 

which distributes it to the insulatol tubes 39 medium flowing ccmcurrently vrith the reacuori 

in the header. In these tubes the cooling agent mixture, characterized by the fact that tht 

passes to the cooling agent entrances 15a to the reaction temperature al<mg the flow path cS 

(H codmg agent passages 10a. These passages the reaction mixture is maintained at predeta^^ 125 

are providhid with disdaceF rods 37 in order to mined values by controlling (i) die tempera^ 

increase die linear vdocity of the coding agoat ture of admisdon of the coolmg medium and 

and to prevent aBiv<ectian currents. (ii) die throughput of cooling medmm per unit 

The automatic legiilation for die vabns 23a Hmt, both these factors, bdbg omtiolled 

65 and I3a is based on die same pdndide as independendy of each other and iodepen- 130 
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denfly of && ainonnt of reaction mhtike pass- any of Qafins 5 to 11, comprising a rcacdbn 

ingflitooditiieieactim zone pet imitnais. ' vessel adapted to contain a catalyst flttough 

.". 2. A metbod as claimed in Claim 1, dbar- wMch the reactants are adapted to fiowj a con- 

acterised by tte fact that die control of die temr tainer for the cooling medium which latter is 

5 peratare of die codmg medium is carried out adapted to flow ia contact with die wall cf die 70 

■ in' dependence of the temperature" prevailing reaction vessd and in a direction generally 
in die nd^ourhood of the inlet where the parallel widi the Bm of die reactantSj primary 
reactants enter die leaction. zone, thermally responsive means responding to lem- 

3. A method as claimed in Claim 2, char- peratuie changes in the reaction vessel adjacent 
10 actetiSed hy the fact that the control of the to the inlet of the reacaian vessel, said prhnary 73 

temperatiirc of the cooJing medium is carried thermally responsive means being in operative 

out autnmatirally by means of a tenqjerature- association with means for controlling tie tem- 

cohtrolled devica pcovided in l3ie na^bonr- perature of the cobling medi 

hood of the iiilet where die reactants enter the container, secondary dietmally 

15 reactida zone. means responding to temperature c 

4. A method as clahned in daliai 2 or 3, the reacticm vessd adjacent to the oudet of the 
charactaised fay the feet that an initial zone reaction vesse!, said secondary thermally 
which is not cooled or. is wbtiSfy or partially responsive means being in operative assoda- 
shidded fronj. the coolhig is provided bttween txm with means for ccaittofling tiie 

; 20 the inlet where the reactants enter li» resctioa volume rf coding medium adapted to flow into 85 

zone and that portion of the reactioa zone the amtainer per miit time, 

whose, tonpctatme is tised for contsoBmg the 13. Apparatus as cJaimed in Clainj 12^ char- 

tempeiatare of. the coding medium, the teat- actcrisedT^ die jprovision. of a reaction mitiat- 

pccaoire of the reactants in said mitial zone lo^ zone in said i!eactirai vessd between the 

25 .lismg tol&e 'de»ted (qitimnm temperature. hilet th«reof and sud primary thermali^ rcspon- 90 

5. A metiiod as daimed-in 519 of die pre- ave means, flie catalyst in said initiating zkm 
'ceding claims, sSaactedscA by the fastjat being Intnaially beaied or protectsd agamst 
the contrd of die flow rate of die oodJag cooiingiOTatteast^gainrta^ 

rrtf^irirn is earned out in depeadeoce of i3ss boundary between Md ini tinting zone and the 

30 temperature prevailing in the ne^hbomliood reaction zone prQ|^ of said reactirai vessd 95 

of me outlet where the reactants leave the bdng pdntionM at a region longitudinally a£ 

reaction zone. die reactiDa vessd where the proper reaction 

6. A method as claimed in Claim 5, char- temperature is leacihed. 

actmsed by the feet diat .the omtrol of the 14. Ap^atus as daimtd in Oaim 13^ char- 

35 "flow rate of the cooling inedium is carried out acterised in that the catalyst in said reaction JOO 

auKifflatically by means of a tem^eratnrc-con- imtiating zone is medwnirally isolated against 

trolled device provided in the ndg^bourhood the cooling effect df said coobng medium, 

of die outiet for the reactants. 15. Apparatus as clahned in Claim 14^ chai- 

- 7. A mediod "as dauned in any <rf the pre- acterised by shielding or screemng means inter- 

40 ceding ckina, characterised by the feet that posed between the cooling surfeces and said 105 

the tenmetatures of i£c cooling medium enter- motion initiating zone. 

. ing into hieaf exdiange contact widi' die 16. Apparatus as daimed in Oaim 15, diar- 

rcactantj .and die rate trf flow in die coding acterised in diat said shiddmg or screening 

■ mediumj are hidgiehdentiy oontrdled to main- -means is adjustable lengthwise of die xeacticm 

• 43 tain a maxanum initial temperature dificrcntial vrasd, thiprcby tea. dongate or shift forward 110 

between the cooling medium and reactant - ... said~initiat5ig zcake when the efiectiveness 

8. A method- as daimed in any of die pre- in the original initiating zone has been 

cediig dairas, diaiactetised by tiie fact that decreased, 

die coolmg medium is recydcd. .17. Apl>aratas as daimed in Qaioi 1^ char- . 

• 50 ■ 9. A method" as daimed. |n Oahn S, chat- sctoised in that also said jprmiary themaliy 115 

a rKT''gH by de feet diiiat i&e c&ding medium 'rcs$)onsive means i^ adjustable' leagdnvise of 

IB be'Mcyded.fe jnbjected 'to contedlaMe w^don vessd, . • - 

'Codii^: ~ ' ' " . - 18. Apparatus as daimed in any cf Qauns 

10.' A nieduid as dainjed in. Oaim 9, char- 12 to 17, diaracterised m that said means for 

5$ actetizBd Iw the fed that a portion of the CQattoQjhg the te|]]peca£are of the coding 120 

'cdding medium lo be recycfed is subjected to mediom entediig die container oconpiues 

cmttdlaUe coding. a^ustaUe valve ' means controlled by said 

- ' 11. A method as. daSned in any c£ the pre- pxiinary thermally responsive means and means 
ceding daims^ diaracterised by emplojmg for for recydiog a portion of the cooling medium 

■60 the cooling operation" a gaseous medium, after passage throijgh die apparatus to said 125 

• especially the gascoiis reactants which are in variable "valve nutans and. ba.d? 10. the 

'tins mannor preheated to a temperature that is apparatus. 

■ suitable for the catalytic reaction. .' 19. Apparatus a? dauned in any of Qaims 

12; Apparatus for carrying out esotfacimiic 12 to 18, diaractoriSed in that means foe pass- 
im reactions kccoidmg to.die miediod daimed in ing the. coohng mef^uin through the apparatus 130 
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indude a heat exchanger and means for re- 
cycling cooling medium from the conteiner in 
the apparatus through the heat exchanger back 
to that said container, said means for cm- 
5 trolling the temperature of the cooling medium 
including variable valve means controlled by 
said primary thermally responsive means, 
means being provided for passing a second 
cooling medium through said adjustable valve 

10 means through said heat exchangei for 
indirect heat exchange contact with ^ first 
mentioned cooling medium. 

20, A method for carrying out exothentiic 
catalytically accderated reactions in a flowiqg 

15 gaseous or figuid pihase^ sabstanlially as herein- 
before descrflKd wiA refioraicc to the appa- 



ratus shown in Figure 2 or 3 of the accom- 
panying drawings. 

21. Apparatus for carrymi out cxotherinic 
catalytically accderated reactions in a flowing 20 
gaseous or liquid phase substantially as herein- 
b^ore described wid) reference to aod as 
shown in Egute 2 or 3 cf tbe ai 
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